Objective: To examine statewide emergency department (ED) visit data for motorcycle crash morbidity and healthcare utilization due to traumatic brain injuries (TBIs) and non-TBIs. Setting: North Carolina ED data (2010)(2011)(2012) and hospital discharge data (2009)(2010)(2011). Population: Statewide ED visits and hospitalizations due to injuries from traffic-related motorcycle crashes stratified by TBI status. Design: Descriptive study. Main Measures: Descriptive statistics include age, sex, mode of transport, disposition, expected source of payment, hospital length of stay, and hospital charges. Results: Over the study period, there were 18 780 ED visits and 3737 hospitalizations due to motorcycle crashes. Twelve percent of ED visits for motorcycle crashes and 26% of hospitalizations for motorcycle crashes had a diagnosis of TBI. Motorcycle crash-related hospitalizations with a TBI diagnosis had median hospital charges that were nearly $9000 greater than hospitalizations without a TBI diagnosis. Conclusions: Emergency department visits and hospitalizations due to motorcycle crashes with a TBI diagnosis consumed more healthcare resources than motorcycle crash-related ED visits and hospitalizations without a TBI diagnosis. Increased awareness of motorcyclists by other road users and increased use of motorcycle helmets are 2 strategies to mitigate the incidence and severity of motorcycle crash injuries, including TBIs.
A CCORDING to the National Highway Traffic Safety Administration, there were 4612 motorcyclist fatalities in the United States in 2011. Although motorcycles make up only 0.6% of total vehicle miles driven in the United States, motorcycles are involved in a disproportionate number of fatal crashes. In 2011, the motorcycle crash fatality rate was 24.93 fatalities per 100 million vehicle miles driven; this rate was 30 times greater than the fatality rate for occupants of passenger vehicles. 1 Motorcyclists are at a higher risk of fatal injury because they are less visible to other drivers than passenger vehicles and are less protected from impact forces in the event of a collision. 2 Fatal motorcycle crashes are also more likely to involve excessive speed and alcohol than passenger vehicle crashes. 1 Although the lower extremities are the most common sites of injury following a motorcycle crash, the most common site of fatal 176 JOURNAL OF HEAD TRAUMA REHABILITATION/MAY-JUNE 2015 injury is the head. 3, 4 In 2011, nearly one-half of all US motorcycle crash fatalities were due to a head injury. 5 Not all motorcycle crashes are fatal. The National Highway Traffic Safety Administration estimated that 81 000 motorcyclists were nonfatally injured in 2011. 1 Motorcycle crash injuries are costly in terms of healthcare utilization and loss of productivity. 6 In 2005, the estimated total medical and lost productivity costs for combined fatal and nonfatal motorcycle crash injuries were $12 billion. Although motorcyclists accounted for only 6% of injuries in 2005, they represented 12% of total costs associated with motor vehicle crashes. 7 Traumatic brain injuries (TBIs) are one of the most expensive injuries in terms of total lifetime costs. 8 Because of advances in emergency medical care, the number of individuals surviving with severe TBIs has increased; however, many of these individuals will require extensive rehabilitation and recovery. 9 Even TBIs categorized as "mild" may result in decreased neurologic functioning up to 1 year postinjury. 10 In 2005, Zaloshnja et al 11 estimated that more than 3 million of the US civilian population were living with the long-term effects of a TBI.
The purposes of this population-based study were to (1) describe the incidence of North Carolina (NC) emergency department (ED) visits and hospitalizations due to motorcycle crashes, and (2) describe and compare the healthcare resources utilized by TBI and non-TBI motorcycle crash patients.
METHODS

Study design
A secondary analysis of data collected primarily for patient care and hospital billing and administration was conducted. This study was considered exempt by the institutional review board at the University of North Carolina at Chapel Hill.
Study setting and population
This study utilized ED data obtained from the North Carolina Disease Event Tracking and Epidemiologic Collection Tool (NC DETECT) and hospitalization data collected from the NC Hospital Discharge (Inpatient) database.
North Carolina DETECT is NC's electronic public health surveillance system, incorporating near real-time data from a number of sources, including all 24/7, civilian, short-term care, hospital-affiliated EDs in NC. 12, 13 Emergency department visit data used in NC DETECT are collected for the purpose of near real-time event detection and public health surveillance under NC General Statute § 130A-480.
14 This study retrospectively accessed ED data captured by NC DETECT from January 15 This study examined data collected from January 1, 2009, through December 31, 2011. The NC Hospital Discharge data are not available for research purposes until approximately 1.5 years after the close of the year; therefore, this study looked at hospital discharge data for the period 2009 to 2011, rather than the period 2010 to 2012.
Definition of a motorcycle crash
This study used the definition developed by the National Center for Injury Prevention and Control for identifying motorcycle crashes that occurred on public highways, streets, or roads. An ED visit or hospitalization was identified as due to a motorcycle crash if it contained an International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) External Cause of Injury Code (E-code) with a fourth digit of 0.2 (motorcycle driver) or 0.3 (motorcycle passenger) in the range of E810 to E819. 16 The NC DETECT ED visit database contained up to 5 E-codes per ED visit and the NC Hospital Discharge (Inpatient) database contained up to 1 E-code per hospital discharge. The ED visit/hospital discharge was classified as due to a motorcycle crash if it contained an E-code for a motorcycle crash in any position. This study excluded all 2-wheeled vehicle crashes that occurred in nontraffic (ie, "off-road") settings. In this paper, the term "motorcycle crash" will refer to only those crashes that took place on public highways or streets.
Definition of a traumatic brain injury
Emergency department visits and hospitalizations were classified as involving a TBI based on the definition developed by the Centers for Disease Control and Prevention (CDC). The visit or hospitalization was flagged as a TBI if it contained 1 of the following ICD-9-CM codes: fracture of the vault or base of the skull (800.0-801.9); other and unqualified multiple fractures of the skull (803.0-804.9); intracranial injury, including concussion, contusion, laceration, and hemorrhage (850.0-854.1); injury to optic nerve and pathways (950.1-950.3); and head injury, unspecified (959.01). 8 The NC DETECT ED visit data contained up to 11 diagnosis codes per ED visit, and the NC Hospital Discharge (Inpatient) database contained up to 9 diagnosis codes per hospitalization. The ED visit/hospitalization was classified as due to a TBI if it contained a diagnosis code 
Mode of transport to ED
The NC DETECT ED visit data included the patient's mode of transport to the ED after the motorcycle crash. Mode of transport was collapsed into the following 3 categories: ambulance (including ground and air ambulance transport), patient walk-in (including public and private modes of transport), and other mode of transport.
Disposition and length of stay
The NC DETECT ED visit and the NC Hospital Discharge (Inpatient) data included ED visit/hospital discharge disposition. Emergency department visits were categorized according to 1 of the following discharge dispositions: discharge home, admission to the hospital, admission to the intensive care unit (ICU), transfer to another medical facility, left ED against or without medical advice, and death. Hospitalizations were categorized according to 1 of the following discharge dispositions: discharge home (including home health), rehabilitation, discharge to another facility (including intermediate care facilities, long-term care facilities, skilled nursing facilities, and nursing homes), transfer to another facility (including federal hospitals and hospice care), and death.
Length of stay (LOS) was obtained from the NC Hospital Discharge (Inpatient) data. For hospitalizations, LOS was calculated by subtracting the day of discharge from the day of hospital admission. Hospital LOS was treated as a continuous variable.
Expected source of payment and hospital charges
Both the NC DETECT ED visit and the NC Hospital Discharge (Inpatient) databases included information about the expected source of payment. Emergency department visits/hospitalizations were classified according to the expected primary payer at the time of discharge; the actual payer or payer(s) may differ from the expected. Expected source of payment was grouped into the following categories: self-payment, Medicaid, Medicare, other government payment, and payment by private insurance or other form of payment. Hospital charges represent the amount that hospitals billed for services but does not reflect how much these services actually cost or the amounts that hospitals received in payment. Hospital charge was treated as both a continuous variable and a categorical variable with $10 000 increments.
Data analysis
All ED visits and hospitalizations due to motorcycle crashes were stratified according to TBI status. For categorical variables, counts and percentages were reported. For continuous variables, means and standard deviations were reported, as well as medians and interquartile ranges for select variables. To protect the anonymity of the patients, counts of between 1 and 9 were not reported. The NC population used for the denominator in the calculation of rates was acquired from the National Vital Statistics System's United States Census Populations with Bridged Race Categories. 19 The NC DETECT ED visit and the NC Hospital Discharge (Inpatient) databases were not mutually exclusive databases. The NC DETECT collects information on all types of ED visits, including ED visits resulting in hospital admissions and ED visits resulting both to and from transfers between hospitals. Because unique patient identifiers were not available, the data could not be de-duplicated. That is, the hospital discharge data include hospital stays by patients who were admitted to the hospital from the ED and are thus in the ED visit data as well, and the ED visit data include visits by patients that resulted in admission to the hospital and are thus in the hospital discharge data as well.
RESULTS
Incidence and descriptive epidemiology
Over the course of 2010 to 2012, there were 18 780 ED visits due to motorcycle crashes in NC, an average of 6260 per year and a rate of 64.8 ED visits per 100 000 person-years. Among all ED visits due to motorcycle crashes, 12% were TBI-related (see Table 1 ). The overall unadjusted rate for TBI-related ED visits was 7.5 ED visits per 100 000 person-years. Among the 16 610 ED visits without a TBI diagnosis, there were 5593 visits due to (based on first-listed diagnosis) superficial wounds and contusions (37.2%); 1707 visits due to fractures of the upper limb (11.4%); 1383 visits due to strains, sprains, and dislocations (9.2%); 1267 visits due to fractures of the lower limb (8.4%); 1262 visits due to open wounds (8.4%); 1010 visits due to injuries of the vertebral column or spinal cord (6.7%); 738 visits due to other fractures (4.9%); 384 visits due to crushing injuries or other internal injuries (2.6%); and 1677 visits due to other injuries and conditions (11.2%) (1589 visits were missing a classifiable injury diagnosis code).
From 2009 to 2011, there were 3737 hospitalizations due to motorcycles crashes (annual average of 1246 hospitalizations) with a rate of 13.0 hospitalizations per 100 000 person-years (see Table 1 ). A greater percentage of hospitalizations were TBI-related (25.8%), compared For both ED visits and hospitalizations, there was little difference between TBI and non-TBI visits/patients in regard to sex, age, driver/passenger position, and urban/rural county of residence. The overwhelming majority of ED visits/hospitalizations were male and the driver of the motorcycle (see Table 1 ). For ED visits, the largest percentage of TBI cases (20.9%) and non-TBI cases (22.5%) were in the 25-to 34-year age group. For hospitalizations, a peak was observed in the age group of 45 to 54 years for TBI cases (24.1%) and non-TBI cases (26.4%). Although urban/rural county of residence was similar for both ED visits and hospitalizations with or without TBI diagnoses, hospitalizations were more likely to be out-of-state residents than ED visits (12.4% and 7.4%, respectively).
Healthcare resource utilization
Nearly 60% of patients presenting to the ED with a TBI following a motorcycle crash arrived at the ED via ambulance. In comparison, less than 40% of non-TBI patients arrived via ambulance (see Table 2 ). Emergency department discharge disposition also differed between TBI and non-TBI visits. Motorcycle crash patients presenting to the ED with a TBI were 2 times as likely to be admitted to the hospital, 3 times as likely to be transferred to another facility, 8 times as likely to be admitted to the ICU, and 3 times as likely to die in the ED, relative to patients without a TBI diagnosis. Expected source of payment was similar between TBI and non-TBI visits.
The average LOS for motorcycle crash-related hospitalizations with a diagnosis of TBI was longer than for hospitalizations without a TBI diagnosis (see Table 1 ). Compared with hospitalizations with a non-TBI diagnosis, those with a TBI diagnosis were more likely to be discharged to rehabilitation facility (17.7% vs 7.5%), transferred to another facility (2.4% vs 1.6%), or to have died in the hospital (7.6% vs 1.1%) ( Table 3) .
Motorcycle crashes with a TBI diagnosis had mean hospital charges that were nearly $20 000 higher and median hospital charges that were nearly $9000 higher than crashes without a TBI. Figure 1 displays expected hospital charges by $10 000 increments. For hospitalizations with a TBI diagnosis, 25.6% of hospitalizations had charges greater than $100 000. In comparison, only 15.2% of non-TBI hospitalizations had hospital charges greater than $100 000. There was no major difference by TBI case status in terms of expected source of payment.
DISCUSSION
Most studies of injuries due to motorcycle crashes have focused on deaths; however, doing so ignores the consequences of injury and disability among crash survivors. This is particularly true for TBI survivors because TBI is associated with a significant period of disability and recovery. 10 This study documented morbidity due to motorcycle crash-related TBI and non-TBI injuries treated in EDs and hospitals in NC, using the statewide NC DETECT ED visit and NC Hospital Discharge (Inpatient) data.
One of the major conclusions from this paper is that ED visits and hospitalizations for TBIs from motorcycle crashes use more healthcare resources than ED visits and hospitalizations for other types of motorcycle crash injuries. Among ED visits with a diagnosis of TBI, nearly one-fourth were admitted to the hospital, admitted to the ICU, or died in the ED. Hospitalized patients with a TBI diagnosis were less likely to be discharged home and more likely to be discharged to a rehabilitation facility or to die in the hospital than patients without a TBI diagnosis. In addition, hospital charges and LOS tended to be higher for hospitalized patients with a TBI. These results are consistent with other studies that have compared hospitalized motorcyclists with TBIs to hospitalized motorcyclists without TBIs. In a national study of motorcycle crash outcomes, median hospital charges were 13 times higher for motorcyclists with a TBI than for motorcyclists without a TBI. This same study found that those individuals with a TBI were more likely to die or be discharged to a rehabilitative or long-term care facility than those without a TBI. 20 In a national study of youth hospitalized for motorcycle crash injuries, motorcyclists 12 to 20 years of age with a TBI used more healthcare resources than motorcyclists without a TBI. In this study, the mean LOS and mean hospital charges were higher by 2 days and $21 000, respectively, for hospitalized youth with a TBI than for youth without a TBI. 21 An examination of level I and level II trauma center data from Illinois noted that motorcyclists with a TBI had higher hospital charges and used disproportionate numbers of ICU days in comparison with motorcyclists without a TBI. Although the number of passenger vehicle crashes exceeds the number of motorcycle crashes, per vehicle mile driven, motorcyclists are far more likely to be involved in a fatal crash than occupants of passenger vehicles. 23 Motorcyclists' increased risk of severe injury and death may be due to a number of factors, including motorcyclists' lack of physical protection from the environment, the relative complexity of operating a motorcycle in comparison with a passenger vehicle, and the inability of other motorists to perceive motorcyclists on the roadway. 24 Although a host of factors may contribute to the survivability of a crash, one of the strongest predictors of a diminished probability of survival is a TBI. 3 In this study, patients with a diagnosis of TBI were 3 times more likely to die in the ED and 7 times more likely to die after hospitalization than patients without a diagnosis of TBI. Deaths at the scene of the crash are not included in this study.
Over the study period, NC averaged 6260 ED visits and 1246 hospitalizations per year due to motorcycle crashes on public roadways. More than 10% of these ED visits and more than 25% of these hospitalizations had a diagnosis of a TBI. In general, an estimated 43% of patients hospitalized with a TBI will have some disability 1 year after the injury, but this percentage may be an underestimate due to the inherent severity of motorcycle crashes. 25 In our study, 22.1% of patients with a diagnosis of TBI were admitted to the hospital or ICU, 12.6% were transferred to another medical facility, and 1.4% died in the ED. In 2010, for all injury-related ED visits in NC, only 10.8% were admitted to the hospital or ICU, 2.1% were transferred to another medical facility, and 0.1% died in the ED. 12 Patients with TBIs due to motorcycle crashes require more resources in terms of emergency medical care, length of hospital stay, and hospital costs than non-TBI motorcycle crash patients. In general, the percentage of NC ED visits arriving by ambulance was more than double for motorcycle crashes (41.1%) than for all ED visits with a diagnosis of injury (18.6%).
12 For ED visits due to motorcycle crashes with a diagnosis of TBI, the percentage of ED visits arriving by ambulance was even higher at 59.8%. In addition, among victims of motorcycle crashes, hospitalized patients with a TBI stayed in the hospital on average 3 days longer than patients without a TBI diagnosis. Furthermore, hospitalizations due to TBIs following a motorcycle crash are more expensive than non-TBI motorcycle crash hospitalizations. Among hospitalizations for motorcycle crashes, nearly one-half of all hospital charges for those with a diagnosis of TBI were $50 000 or more, and about onequarter had charges of $100 000 or greater. Although these charges do not represent the precise amount that is disbursed by the payer, they do provide an indication of the high monetary costs to the individual and to society, since for more than 40% of discharges the expected source of payment was the individual or the government.
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headlights. However, due to the phenomena of inattentional blindness, motor vehicle drivers still often fail to observe even highly visible motorcyclists, simply because they are not expecting them. Strategies to increase awareness of motorcyclists by motor vehicle drivers are needed. Other pre-event factors that contribute to motorcycle crashes are alcohol intoxication, inexperience and lack of adequate training, nighttime driving, and excessive speed. Strategies for addressing these factors include better enforcement of legal limits on alcohol consumption, the development of better training and education materials, and the enforcement and regulation of speed limits. 4 Installing antilock braking systems on motorcycles has been recommended as an event-phase crash prevention strategy. 27 Another highly effective event-phase strategy is the mandatory use of motorcycle helmets though universal helmets laws. 28, 29 North Carolina has a universal helmet law that requires all motorcycle riders and passengers to wear helmets that meet US Department of Transportation and NC standards when operating a motorcycle. 30 The use of motorcycle helmets is estimated to reduce the risk of head injury by 72%. 31 In addition, helmeted motorcycle crash victims who are hospitalized for their injuries are more likely to have a lower Injury Severity Score, a higher ("better") Glasgow Coma Scale Score, and a greater probability of in-hospital survival. Furthermore, research has shown that helmeted motorcycle crash victims are discharged on average 3 days earlier and are less likely to require institutional care after discharge. 32 The use of motorcycle helmets has economic advantages for the nation. According to the CDC, the United States saved $3 billion due to motorcycle helmet use in 2010. The CDC also estimated that if all motorcyclists had worn helmets in 2010, the United States would have saved an additional $1.4 billion.
North Carolina has the highest estimated economic costs saved per registered motorcycle due to the use of motorcycle helmets of any state. In 2010, the CDC estimated that there were 79.9 lives saved per 100 000 registered motorcycles and economic savings of $1627 per registered motorcycle in NC due to helmet use. States that have repealed helmet laws have experienced an increase in motorcycle fatalities and increased healthcare utilization. 33 A study of the 2000 repeal of Florida's universal helmet law documented a reduction in helmet use by motorcycle riders from almost 100% to 50% postrepeal and an increase in mortality rates from 0.7 to 6.1 deaths per 10 000 registered motorcycles. Following repeal of the universal helmet law in Florida, the number of hospitalizations for head injury from motorcycle crash rose by more than 40% and the average cost of treating head injuries due to motorcycle crashes rose from $10 000 to $45 602. 34, 35 An evaluation of the repeal of Pennsylvania's universal helmet law found that helmet use decreased from 82% to 58% postrepeal. In addition, head injury deaths increased by 66% and head injury hospitalizations increased by 78% compared with an increase of only 28% for other types of injuries. 36 The healthcare costs associated with the repeal of a statewide universal helmet law are almost immediate. In the 7 months postrepeal of a universal helmet law in Michigan, the percentage of patients admitted to a level I trauma center who were not wearing a helmet at the time of the crash rose from 7% to 29%. Hospital costs, ICU LOS, and mechanical ventilation time also increased.
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LIMITATIONS OF STUDY
Most of the limitations of this study relate to the secondary nature of the NC DETECT ED visit data and the NC Hospital Discharge (Inpatient) data. This study is limited to the analysis of variables captured electronically by hospitals for the purposes of patient care and billing. These databases did not collect measures of injury severity such as the Glasgow Coma Scale Score and so this study was unable to look more closely at TBI severity. Neither the NC DETECT ED visit nor the NC Hospital Discharge (Inpatient) databases collected information about the motorcycle crash; therefore, variables such as helmet use, alcohol intoxication, and speed at time of crash were not analyzed.
In any population-based study, the number of healthcare encounters for treatment of injury is typically larger than the number of injured persons. This is because patients may be treated more than once for their injuries, might both visit the ED and be admitted as an inpatient, or be transferred between hospitals. Therefore, the data in this paper detail the healthcare burden associated with motorcycle crashes and TBI, rather than the incidence of motorcycle crashes resulting in TBI per se.
This study was not limited to NC residents and included a relatively large number of out-of-state residents, particularly from South Carolina. We decided to include out-of-state residents in the study population because out-of-state residents utilize a considerable amount of healthcare resources in NC. The number of out-of-state residents treated in NC hospitals is likely counterbalanced to some degree by injured NC residents who visit hospitals that are out-of-state. Some bordering states do not have universal helmet laws (such as South Carolina), and this may influence the injury results presented here. However, excluding out-of-state residents would underestimate the resources provided by NC healthcare systems to TBI and non-TBI motorcycle crash victims.
This study relied on E-codes to identify motorcycle crashes. There is extensive use of E-codes in NC hospitals; however, we cannot rule out the possibility that some motorcycle crashes were not E-coded. In 2010, 89% of all NC ED visits that reported an ICD-9-CM injury diagnosis code in the range of 800 to 999 also reported at least 1 E-code.
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CONCLUSIONS
This study examined NC ED visits and hospitalizations due to motorcycle crashes, with an emphasis on the long-term consequences of a TBI. We found that motorcycle crash victims with a diagnosis of TBI had worse outcomes and utilized more healthcare resources than motorcycle crash victims without a diagnosis of TBI. Individuals who sustained a TBI in a motorcycle crash were less likely to be discharged home, more likely to be admitted to the hospital, and more likely to require rehabilitative or long-term care, in comparison with injured motorcyclists without a TBI. Among ED visits with a diagnosis of TBI from motorcycle crash, nearly one-fourth were admitted to the hospital, admitted to the ICU, or died in the ED. On the basis of the experiences of other states, the cost of lost productivity, healthcare, and life lost would likely increase if NC's universal helmet law was repealed. Studies linking ED visit and hospital discharge data with other sources of data, such as crash data and emergency medical services data, would provide additional information useful for reducing the incidence and healthcare burden of motorcycle crashes. There is also a need for studies of the healthcare consequences of potential policy changes, such as changes to state motorcycle helmet laws.
